Some types of simple and logically possible syntactic rule never occur in human language grammars, leading to a distinction between grammatical and nongrammatical syntactic rules. Comparison of the neuroanatomical correlates underlying the acquisition of grammatical and nongrammatical rules can provide relevant evidence on the neural processes dedicated to language acquisition in a given developmental stage. Until present no direct evidence on the neural mechanisms subserving language acquisition at any developmental stage has been supplied. We used fMRI in investigating the acquisition of grammatical and nongrammatical rules in the specified sense in 14 healthy adults. Grammatical rules compared with nongrammatical rules specifically activated a left hemispheric network including Broca's area, as shown by direct comparisons between the two rule types. The selective role of Broca's area was further confirmed by time ؋ condition interactions and by proficiency effects, in that higher proficiency in grammatical rule usage, but not in usage of nongrammatical rules, led to higher levels of activation in this area. These findings provide evidence for the neural mechanisms underlying language acquisition in adults.
INTRODUCTION
The two major determinants of language acquisition are the characteristics of the linguistic input, such as the structural properties of phrases and the distribution of each linguistic item, and the learner's encounter with such an input (Kuhl, 2000; Saffran et al., 1996) . The latter involves primarily the degree of exposure to a language and the age of acquisition. Information on the developmental time course of language acquisition in infancy has been gained from normal and neurologically or developmentally impaired children (Fletcher and MacWhinney, 1995) . Clinical studies, together with neuroimaging investigations on bi-and multilinguals, have contributed to the identification of the neuroanatomical correlates of language production and comprehension in languages acquired before and after puberty (Abutalebi et al., 2001) . However, no direct evidence concerning the neural mechanisms subserving language acquisition at any developmental stage has been forwarded. An unresolved issue pertains to how the brain regions involved in the acquisition of a second language in adulthood are related to the regions involved in processing the mother language.
In adults, specific patterns of neural activity associated with the different language components as defined by linguistic theories have been found. In particular, there is now converging evidence as to the brain areas subserving syntactic processing in the mother language. Many nonfluent aphasic patients with a lesion in left inferior frontal cortical areas (BA 44 and 45) display the clinical syndrome of agrammatism. Agrammatism is characterized by the omission of bound and free-standing grammatical morphemes (Kean, 1985) . Furthermore, some agrammatic patients are unable to understand the meaning of a sentence, when functional arguments such as subject and direct object have to be identified on the basis of syntactic structure (Grodzinsky, 2000) . In agreement with such clinical findings, neuroimaging studies have revealed activations within and around Broca's area, when healthy adult subjects were required to perform tasks calling for syntactic processing. Some studies varied the level of syntactic complexity (Caplan et al., 1998; Stromswold et al., 1996) , resulting in differential demands on verbal working memory resources. Other studies used materials consisting either of syntactically anomalous sentences (Embick et al., 2000; Meyer et al., 2000; Ni et al., 2000) or of sentence pairs with different syntactic structure, which could be same or different in meaning (Dapretto and Bookheimer, 1999) . A drawback of the latter studies is that processing of the pertinent syntactic features is tied up with sentential semantic processing.
To eliminate such confounding semantic effects, Moro and colleagues (2001) also used a syntactic vio-lation detection task but adopted an innovative experimental approach to study syntactic processing. Syntax was isolated from lexical semantics (i.e., that portion of semantics that has no role in syntax) by replacing lexical word roots by phonologically legal pseudowords. In this study, syntactic processing was associated with activation in the circular sulcus, a deep component of Broca's area, in the right inferior frontal gyrus, in the left insula, and in the left caudate nucleus.
A further issue to be considered in studying the mechanisms of language acquisition is that variations among natural grammars are not totally unbound but rather governed by a highly interconnected net of universal principles (Chomsky, 1981; Seiler, 2000) . Some syntactic rule formats, albeit simple and logically possible, have never been found in human languages (Dryer, 1992; Greenberg, 1963) . For example, in human languages there are no syntactic rules that are based on the number of words occurring in a given sentence or on mirror reversals of the linear order of all words in a sentence. Accordingly, a rule such as "the auxiliary verb must immediately follow the third word of the sentence," even if it refers to perfectly identifiable lexical items, is to be considered "nongrammatical," since it has never been found in any human language grammar. Any syntactic relation in any human language must be established on hierarchical syntactic notions such as subject and predicate, rather than on precedence or subsequence of words in a sentence (Chomsky, 1995) . The fact that hierarchical structures must be linearized into sequences of words is due to the physical constraints of human linguistic communication and has far-reaching consequences on the overall design of grammar and the typology of phrase structure (Kayne, 1994; Moro, 2000) .
Given that language rules follow a specific set of principles, what happens if the brain is confronted with a nongrammatical rule to learn? Functional magnetic resonance imaging (fMRI) was used to investigate the neuroanatomical mechanisms involved in the acquisition of novel syntactic rules in adults, comparing the effects elicited by syntactic rules of a grammatical type (G) and a nongrammatical type (NG). We hypothesized that the acquisition of G rules would engage to a significantly greater extent than NG rules brain regions known to participate in syntactic processing in the mother language.
The G syntactic rules were based on functional relationships among the elements of a sentence, such as subject and predicate (again, defined in terms of hierarchical phrase structure). The NG syntactic rules, instead, made use of sequential cues specifying the absolute position of some element within the linear sequence of words. The syntactic manipulations giving origin to the novel G and NG rules always amounted to position exchanges of words on a string, whether or not they conformed to the human language grammatical universals. Both the acquisition and usage of these two types of novel rules were studied. During the stage of acquisition a syntactic rule had to be extracted. During the stage of usage it was a matter of detecting syntactic violations of acquired rules.
Following the experimental approach adopted in our previous work (Moro et al., 2001) , we eliminated lexical semantics and manipulated the positional level of syntax (Levelt, 1989) , selectively. The sole piece of information that had to be acquired consisted of the particular novel syntactic rule introduced, as phonological and the nonmanipulated grammatical features were all kept invariant from the volunteers' mother tongue.
MATERIALS AND METHODS

Subjects
Fourteen right-handed volunteer subjects (7 females and 7 males; mean age 27.2 years, range 21-35 years) with comparable levels of education participated in the study. They all were monolingual Italian speakers from birth, with Italian-speaking parents. None of the subjects had a history of neurological or psychiatric disorders. After receiving an explanation of the procedures, participants gave written informed consent. Right-handedness was verified using the Edinburgh Inventory (Oldfield, 1971) .
Experimental Design
Four experimental conditions were designed by combining two types of syntactic rule (grammatical (G) vs nongrammatical (NG)) and two types of task (rule acquisition (RA) vs rule usage (RU)). Two baseline conditions controlled for RA and RU tasks, respectively. The experiment thus comprised the following conditions: (a) RA-baseline: reading sentences following mother language syntax; (b) G-RA: reading sentences following a new syntactic rule of a G nature; (c) NG-RA: reading sentences following a new syntactic rule of a NG nature; (d) RU-baseline: detecting violations of mother language syntax; (e) G-RU: detecting rule violations using the G-rule knowledge acquired in (b); (f) NG-RU detecting rule violations using the NG-rule knowledge acquired in (c).
Characteristic sentences for the six conditions in the experiment are given below: a. Rule acquisition baseline (RA-baseline):
" In all sentences open-class word roots were replaced by pseudowords, so as to eliminate lexical-semantic processing (see Moro et al., 2001) . Italian phonology (as encoded in graphic form), inflections, function words, and grammatical rules (with the exception of the novel syntactic rules introduced) were maintained.
Silent reading was required for all conditions. Subjects were asked to perform the following tasks: in conditions a, b, and c to press a response button immediately after having read each sentence. In conditions b and c only, they were additionally told that all sentences followed a new syntactic rule that had to be learned. In d, e, and f subjects were required to press the button only if the sentence was correct according to the syntactic structures of a, b, and c, respectively. Rules were never made explicit to the subjects before or during scanning sequences. Reaction times and accuracy scores were recorded.
Note that the full variety of Italian articles and auxiliary verbs was used; also note the occurrence of other function words with the same word length as articles and auxiliaries. This excluded that purely perceptual strategies could have led to succesful rule inference: the linguistic status of the different words forming a sentence had to be identified to infer the syntactic regularities.
Four scanning sequences were formed, of which two introduced a novel G rule and two introduced a novel NG rule. Sequences consisted of two parts. One part (experimental) comprised four successive alternations between RA and RU experimental conditions (tasks b/e or c/f), the other (baseline) four alternations between baseline conditions (a/d). Each alternation formed a block. Within a block there were two sets of eight sentences each corresponding to one of the two conditions, thus resulting in a total of 512 sentences (4 sequences ϫ 8 blocks ϫ 16 sentences). An example of a scanning sequence is: b4 -(b1-b4 subscripts indicate the four blocks in each of the two parts forming a sequence). Each subject underwent all four scanning sequences. The order of the two parts (experimental and baseline) within a sequence was balanced over the presentation of the four sequences; the four sequences themselves were also presented in a balanced order across subjects. Sentences were balanced for both average number of syllables and average number of words across conditions, sequences, and blocks. A fixed presentation time of 3750 ms was used with no interstimulus interval. Full sentences were displayed on a single line and centered in the subjects' visual field.
To familiarize subjects with the task, a trial sequence for each of the two types of syntactic structure (G vs NG) was administered before positioning subjects in the magnet; different syntactic rules were used than under the experimental conditions.
Data Acquisition
Data were acquired on a 1.5-T whole-body scanner (Signa Horizon, Echo-speed LX General Electric Medical Systems, Milwaukee, WI) equipped with a standard product transmit-receive head coil. Functional whole-brain imaging was conducted using a T2*-weighted gradient-echo, echo-planar pulse sequence with a repetition time of 2900 ms, an echo time of 58 ms, and a flip angle of 85°. Thirty contiguous, axial slices were acquired with a field-of-view of 28 ϫ 28 cm 2 , a slice thickness of 4 mm, and an imaging matrix of 64 ϫ 64 data points, yielding an in-plane resolution of 4.38 ϫ 4.38 mm. Series of 205 sequential volumes were acquired for each scanning sequence.
Data Analysis
Repeated-measures ANOVA was used to test for behavioral effects between conditions (baseline, G, and NG) and condition ϫ block interactions. The data of the four scanning sequences were pooled together for each individual condition.
Functional MRI data processing and statistical analysis were performed with SPM99 (www.fil.ion.ucl.ac.uk). The entire volume set of each subject was realigned to the first volume of the first sequence. The brain images obtained were then normalized to the Montreal Neurological Institute (MNI) standard space (closely approximating the space described by the atlas of Tailairach and Tornoux, 1988) to allow for group analysis: transformation parameters were calculated on a structural spinecho brain image matched to the fMRI images (TE ϭ 12 ms, TR ϭ 700 ms). Prior to statistical analysis, all images were smoothed using an isotropic Gaussian kernel (full width half-maximum ϭ 8 mm) (Ashburner and Friston, 1999) . High-pass filtering was used to remove artifactual contribution to BOLD signal. Global differences in fMRI signal were compensated using proportional scaling. Data were then fitted at every voxel using a linear combination of the effects of interest calculated on leastsquares values. Effects of interest included the timing of condition presentation (box-car) convolved with the SPM99 standard hemodynamic response function. Comparisons between conditions were then made using Student t statistics. The set of T values given by each voxel of the image produced the statistical parametric map (Friston et al., 1995) .
The comparisons between the rule acquisition conditions and the baseline and the direct comparisons between rule acquisition conditions were performed as fixed effect analysis. All the reported activations for these comparisons survived a corrected significance threshold of P Ͻ 0.05, except for the G-rule versus NG-rule acquisition comparison where a small volume correction (SVC, sphere of radius 20 mm) was performed (Worsley et al., 1996) , centering on the coordinates of BA 44, 6, and 39 identified in the comparison with the baseline. For control, SVC centering on the same locations was performed also in the NG-rule versus G-rule acquisition comparison.
Time-parametric statistics were performed by convolving the fMRI time series with a linear regressor, which allows the detection of increases and decreases of activation in time. Time-parametric statistics were performed using a random effect analysis (Frisson and Pocock, 1992) . Contrasts between the G-rule and the NG-rule acquisition conditions were calculated by onesample t tests (n ϭ 14) and masked by the corresponding acquisition condition versus baseline effects (significance threshold for masking was P Ͻ 0.05 uncorrected). All the reported activations for these comparisons survived an uncorrected significance threshold of P Ͻ 0.01.
For the analysis of the effects of proficiency, with separate procedures for the G-rule and the NG-rule usage conditions, individual accuracy measures were used to divide the experimental data into a "highproficiency" group, which included the subjects with the highest accuracy scores, and a "low-proficiency" group, which included the subjects with the lowest accuracy scores (see Table 1 ). Between-group comparisons were calculated by two-sample t tests using a random effect analysis (Frisson and Pocock, 1992) . All the reported activations for these comparisons survived an uncorrected significance threshold of P Ͻ 0.001.
RESULTS AND DISCUSSION
Our analysis identified specific neural correlates for the acquisition of G rules as opposed to NG rules. We then examined how the activity in such areas is modulated in time and reflected in behavioral measures assessing competence in rule usage. Note. For each subject (s1-s14), accuracy scores averaged over the four blocks are given for grammatical rule (G) and nongrammatical rule (NG) usage, respectively (expressed as percentage of correct answers).
Rule Type-Specific Neural Correlates
Comparisons between the acquisition conditions and their baseline resulted in the identification of the neuroanatomical network participating in the acquisition of G rules, on the one hand, and NG rules, on the other. These brain activations are shown in Figs. 1A and 1B. With both rule types activations in a bilateral frontoparietal network were found (see Table 2 , for the corresponding stereotaxic coordinates). This finding suggests that the activated frontoparietal network is involved in the acquisition of both hierarchical and nonhierarchical syntactic features. The activation of this network is likely to reflect the participation of multimodal memory systems in learning tasks. Such an interpretation is supported by several neuroimaging studies on learning and memory. Activations in a bilateral frontoparietal network have been found in an fMRI experiment concerned with learning rules of an artificial grammar (Fletcher et al., 1999) , whose syntactic properties differed from those of human language grammars. Similar activation patterns were also obtained in studies concerned with remembering (Marshuetz et al., 2000) or practicing (Wildgruber et al., 1999) verbal items in a particular order. Parietal and frontal regions seem to support separate functions. Some studies have demonstrated that posterior parietal areas, in association with right dorsal premotor areas, subserve visuospatial working memory and attention (Jonides et al., 1993; Nobre et al., 1997) . Visuospatial functions are indeed thought to be required in forming detailed representations of ordered sequences of symbols, such as words forming written sentences. The activations in the middle and inferior frontal gyri appear to reflect operations related to manipulating and maintaining syntactic information, allowing such information to be synthesized in patterns of regularities. Tasks calling for maintenance and manipulation have indeed been shown to activate prefrontal cortex (Fletcher and Henson, 2001) .
Crucially and in agreement with our expectations based on the hierarchical properties of human language grammars, some activation foci were specific for the acquisition of each type of rule: G rules activated the opercular portion of Broca's area (Brodmann area (BA) 44), the left dorsal premotor area (BA 6), and the left angular gyrus (BA 39). NG rules activated the right middle frontal gyrus (BA 46) and the right superior parietal lobule (BA 7). These findings indicate that different cortical subcomponents in frontoparietal regions are activated, depending on whether the rules to be acquired are in line with the universal grammatical properties of human languages or not. In particular, the activation in Broca's area specifically found for the acquisition of grammatical rules is in agreement with the syntactic parsing functions attributed to this brain region (see Introduction), and it is well known that lesions in the left premotor area can lead to the syndrome of Broca's aphasia (Mohr et al., 1978) . Thus, the acquisition of novel grammatical rules engages the neural network that sustains the processing of the syntactic aspects of language, specifically.
To substantiate these differences further, we performed direct comparisons between the acquisition of novel G and NG rules. The left inferior frontal gyrus (BA 44/45, coordinates: x ϭ Ϫ44, y ϭ 14, z ϭ 4, Z score ϭ 3.11) and the left ventral premotor area (BA 6, x ϭ Ϫ50, y ϭ Ϫ4, z ϭ 28, Z ϭ 3.26) were significantly more activated by G rules than by NG rules. Additional activations were found in the left superior temporal and angular gyri (BA 22/39, x ϭ Ϫ64, y ϭ Ϫ40, z ϭ 8, Z ϭ 3.99 and x ϭ Ϫ34, y ϭ Ϫ66, z ϭ 20, Z ϭ 3.78, respectively). NG rules, in turn, activated the right inferior frontal gyrus (BA 44/45, x ϭ 54, y ϭ 18, z ϭ 16, Z ϭ 3.41) and the right superior parietal lobule (BA 7, x ϭ 28, y ϭ Ϫ52, z ϭ 60, Z ϭ 5.75). Such findings confirm the specific role of Broca's area and the lateral premotor area in the acquisition of G syntactic rules. In addition, higher activation of Wernicke's area (BA 22/ 39) in the G than in the NG condition is also in agreement with a number of neuroimaging studies investigating syntactic processing (Dapretto and Bookheimer, 1999; Embick et al., 2000; Just et al., 1996) .
Temporal Changes During the Acquisition of Novel Rules
Our experimental paradigm allowed us not only to measure effects over the entire duration of the acquisition tasks, but also to assess significant temporal changes occurring during rule acquisition. The behavioral data analysis showed that the reaction times in the two acquisition conditions (G-RA and NG-RA) differed significantly from the baseline condition (RA-baseline), both as a main effect and as a condition ϫ block interaction. The interaction effects were analyzed by post hoc paired t-test comparisons between experimental and baseline conditions in the first (block 1) and last (block 4) acquisition blocks: significant differences in block 1 were no longer significant in block 4. Most notably, the results of the ANOVA comparing G-RA and NG-RA were not significant (see Table 3A and Fig. 2A) .
While no significant interactions between the acquisitions of G rules and NG rules were found in terms of behavioral measures, indicating that the acquisition of both rule types was of equal difficulty and took a similar course, the fMRI data analysis revealed significant interaction effects. Time ϫ condition interactions were estimated, revealing brain regions whose activity linearly increased or decreased in time significantly more during the acquisition of G rules than of NG rules. These were the opercular portion of Broca' area (BA 44), the left insula, the left superior frontal gyrus (BA 8), the right ventral inferior frontal gyrus (BA 47), and the right inferior parietal lobule (BA 40) (Figs. 2B and 2C) . No brain regions, in turn, were increasingly more Note. The stereotaxic coordinates (x, y, z) for significant voxels are given in millimeters together with the corresponding effect sizes (Z ϭ Z scores). (3, 13) ϭ 3.9 P ϭ 0.002 P ϭ 1* P Ͻ 0.0001 P ϭ 0.01 NG-RU vs RU-baseline F(1,13) ϭ 11.3 F(3,13) ϭ 4.4 P Ͻ 0.0001 P ϭ 0.26* P ϭ 0.002 P ϭ 0.006 G-RU vs NG-RU F(1,13) ϭ 2.9 F(3,13) ϭ 1.5 P ϭ 0.10* P ϭ 0.21* * Not significant.
activated during the acquisition of NG rules than of G rules. These findings give additional support to the hypothesis that Broca's area must be attributed a crucial role in the acquisition of G rules. At first this might appear to be counterintuitive, because as rules become more mastered a decrease rather than an increase in activation should be expected in perisylvian areas. Indeed, several studies have shown that automatic language tasks typically do not engage perisylvian cortical areas (Bookheimer et al., 2000; Raichle et al., 1994) . Presumably, the monitored time interval of acquisition was too brief to allow for an automatization of grammatical rule processing. Thus, although the novel grammatical rules have been successfully acquired their access still relies on the need to perform detailed syntactic parsing. These findings should be considered along with neuroimaging data on syntactic processing in the mother language. Moro and colleagues (2001) found activations in a deep component of Broca's area (BA 45), located in the circular sulcus, when examining mother language syntactic processing selectively, while controlling for confounds such as complexity and sentential semantics. Stromswold and colleagues (1996) , as well as Caplan and colleagues (1998) , compared processing of syntactic structures of high and low complexity and found activations on the lateral surface of the opercular portion of Broca's area. It is in this location that linear temporal increases are found in the present experiment. Syntactic complexity and nonautomatized rule processing presumably necessitate verbal working memory functions. As has been demonstrated (Paulesu et al., 1993; Zatorre et al., 1992 ) the opercular portion of Broca's area is indeed associated with verbal working memory. Taken together, such evidence suggests that the acquisition of novel syntactic rules in its less automatized stages depends on a more lateral cortical portion of Broca's area than the one dedicated to syntactic processing in the mother language.
Effects of Proficiency in Novel Rule Usage
Most studies on the neuroanatomical correlates of biand multilingualism have highlighted the significance of such variables of linguistic competence as proficiency level, age of acquisition, and degree of exposure to a particular language. These studies show comparable levels of activation in left perisylvian areas elicited by the mother language and the second language in highly proficient bilinguals (Chee et al., 1999; Klein et al., 1995; Perani et al., 1998) and significantly different levels of activation in the same areas in low-proficiency bilinguals (Dehaene et al., 1997; Kim et al., 1997; Perani et al., 1996) . The activation of left perisylvian regions thus seems to be modulated by the level of competence in the second language. This led us to hypothesize that the level at which novel G rules are mastered would modulate the activation of the brain regions found to participate in the acquisition of those rules.
To test for this hypothesis the effects of accuracy in the usage of the new rules were estimated. Changes in rule usage accuracy level during the course of the experiment were significant for both G rules and NG rules, as revealed by the behavioral analysis. Accuracy scores in the two usage conditions (G-RU and NG-RU) differed significantly from the baseline (RU-baseline). This was true both as a main effect and as a condition ϫ block interaction. The interaction effects were analyzed by post hoc paired t-test comparisons between experimental and baseline conditions in the first (block 1) and last (block 4) acquisition blocks: significant differences in block 1 were no longer significant in block 4. Most notably, the results of the ANOVA comparing G-RU and NG-RU were not significant (see Table 3B and Fig. 3A ).
In the fMRI data analysis, between-group statistics comparing high-with low-proficiency subjects in Grule and NG-rule usage (see Table 1 ) were computed. During G-rule usage, the high-proficiency group activated Broca's area (BA 44, x ϭ Ϫ50, y ϭ 16, z ϭ 12, Z ϭ 3.41) and the left ventral premotor area (BA 6, x ϭ Ϫ48, y ϭ Ϫ8, z ϭ 20, Z ϭ 3.82) to a significantly greater extent than the low-proficiency group (Fig. 3B) . During NG-rule usage, the high-versus low-proficiency group comparison revealed a significantly activated focus in the left cerebellar hemisphere (x ϭ Ϫ26, y ϭ Ϫ68, z ϭ Ϫ20, Z ϭ 3.49). Thus, competent usage of G syntactic rules was associated with higher activations in Broca's area and the left ventral premotor area, regions that have been consistently implicated in several aspects of syntactic processing. These findings suggest that, in adulthood, the activity of specific brain areas within the left perisylvian cortex is modulated by the acquisition of linguistic competence for selected linguistic structures.
CONCLUSIONS
Several conclusions can be drawn from the present study. First, this study demonstrates a selective and robust participation of Broca's area in the acquisition of novel G rules as opposed to NG rules. Second, the present data help in clarifying the cerebral mechanisms that underlie adult second language acquisition: the gain of competence for novel and selected linguistic features appears to be tightly associated with variations of activity in exactly those perisylvian brain regions implicated in the processing of the corresponding linguistic aspects. Third, in the early stages of language acquisition, the processing of novel linguistic structures engages lateral cortical aspects of Broca's area that support less automatic processes.
All these points elucidate the neural processes participating in the acquisition of grammatical language features in adulthood, as the two types of rules to be acquired differed from each other only at the positional syntactic level; all other variables were held invariant. However, while our data show that a neuroanatomical network comprising Broca's area underlies language acquisition in adults, it is possible that such a network is not specific to language acquisition. G rules and NG rules differed to the extent that the former were based on hierarchical syntactic notions, whereas the latter were based on absolute positions within the linear sequence of words. Such a distinction is not unique to language. Visuospatial perceptual processing or manual object manipulation can also be either hierarchical or linear (Conway and Christiansen, 2001 ). Behavioral and neural evidence pointing to a homology between the acquisition of hierarchical strategies for manual object combination and the acquisition of language has been supplied in young children (Greenfield, 1991) . Both in their developmental time course and their neural bases, language and manual gestures appear to be tightly correlated (Bates and Dick, in press ). Several neuroimaging experiments in adults show that perception, imitation, and spontaneous production of language, on the one hand, and perception, imitation, and spontaneous production of gestures, on the other hand, activate a partially overlapping distributed network (Bates and Dick, in press ). In particular, overlapping activations in Broca's area for language and for gesture execution or observation have been found (Rizzolatti et al., 2001) .
To summarize, several pieces of evidence suggest that Broca's area may be a supramodal hierarchical processor. The present study demonstrates that, in adults, the acquisition of linguistic hierarchical syntactic structures depends on a network comprising Broca's area. Our future research will be aimed at showing to what an extent the network including Broca's area overlaps with the neural correlates involved in the acquisition of nonlinguistic hierarchical concepts.
